Introduction
Bacterial genomes can now be sequenced in a matter of days for a few hundred dollars.
Genomic, transcriptomic, and associated data-sets are becoming so large that the extent to which we provide user-friendly access will determine how much the Tuberculosis (TB) research community can learn from them. The TB community therefore needs to take stock of how we are placed to best exploit this data, and how we will deal with issues such as data analysis, curation and dissemination.
Web-accessible databases and analysis tools are an essential part of how we interpret and interact with genome data; as a community we need to be kept up to date with developments in these areas. This was one of the key aims of the TB Annotation Jamboree held in Washington on March 7 th -8 th 2012, where a session was devoted to databases and related issues. We focused our discussions on three of the key resources for TB genome data on the web, namely TubercuList (http://tuberculist.epfl.ch/), TB Database (www.tbdb.org), and Pathosystems Resource
Integration Center (PATRIC, www.patricbrc.org). The goal of this manuscript is to update and introduce the community to developments in TubercuList and PATRIC, as detailed below. Weblinks to the databases and tools mentioned in this article can be found in supplemental table 1.
TubercuList

2.a. Overview
TubercuList (http://tuberculist.epfl.ch/) is a relational database for the genome sequence annotation of Mycobacterium tuberculosis H37Rv, the reference strain commonly used in the study of TB. This infectious disease continues to be a serious global health issue, killing 1.4 million people in 2010 1 . The database is a well-established resource, having been maintained since its inception in 1998 2 . It is a gene-centric database, and in its current form provides information on annotated M. tuberculosis H37Rv genes and proteins, including functional annotation, orthologous genes in closely related species, gene ontology terms, structural information, and cross-references to several external resources including the TB Drug Resistance Mutation Database, a comprehensive list of polymorphisms associated with drug resistance 3 , and
The TDR Targets Database, designed to facilitate the prioritization of drug targets 4 .
One of the greatest strengths of the TubercuList database lies in the fact that it has been subject to continuous manual annotation since the first release of the genome sequence and annotation 5, 6 . It is updated with experimental evidence from the scientific literature resulting in changes to gene boundaries, addition of new genes both protein-and RNA-encoding, improvements in functional annotation, and assignment or modification of gene names. This is enriched with data on the characterization of mutant strains, protein localization determined by proteomics studies, gene essentiality under different growth conditions, gene regulatory information, and operon structure. As well, citations are provided for all such manually selected publications from which data has been extracted.
With advances in next-generation sequencing technologies and decreasing costs, the number of genome projects is increasing at a remarkable rate. According to the Genomes OnLine Database, there were 11472 genome sequencing projects as of September 2011, with 2907 complete 7 .
Although these numbers are impressive, for the majority of newly sequenced genomes, the annotation will not go beyond computer-generated predictions 8, 9 . Moreover, vast amounts of empirical data are constantly being produced at the bench, particularly from high-throughput and genome-wide studies, and it is critical to extract key findings and apply them to the genome annotation so that it is readily accessible in a useful form for the entire research community. It is through this challenging task of manual annotation from the literature, collecting and organizing data from disparate sources, that we strive to extend the value of TubercuList for TB researchers as a current and reliable resource. 6 , new CDSs added to the annotation are typically small, being less than or close to 100 amino acids. Also added are two non-coding RNAs, regulatory molecules that are a topic of increasing interest 13, 14 . There are now a total of 23 such small RNA genes annotated in TubercuList.
Advances in mass spectrometry-based proteomic methods are providing the ability to identify wider ranges of proteins, reliably and accurately [15] [16] [17] . In TubercuList, 2828 proteins are annotated as having been identified in a proteomics study, 1114 more than in the R20 version of the database. This validates 70% of protein-coding features annotated in the genome, although a recent study, whose results await addition to the database, reports a higher ~80% coverage of the predicted genes 18 . Of the 2828 proteins, 23% are categorized as 8-Unknown or 10-Conserved hypothetical proteins, verifying that these predicted CDSs are actual proteins produced by the bacterium.
The current distribution of all M. tuberculosis H37Rv genes across eleven functional categories is shown in Table 1 . The function of one quarter (1048) of annotated CDSs remains unknown, although this number is steadily being reduced as more proteins are characterized. Changes have been made to the functional category of 55 CDSs (See Table 1 TubercuList contains references to 1285 publications. In the last five updates of the database, 181 publications served as sources for the annotation changes described above and were selected through searches in PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) or were indicated by communication with the scientific community (email: tuberculist@epfl.ch).
c. Upcoming changes to TubercuList annotation (R26)
At Currently, these non-coding RNAs are named as they have been referred to in the publications reporting their discovery, however, the naming convention described by Lamichhane and colleagues in this issue, an outcome of the TB Annotation Jamboree, will be incorporated into the database when available. Likewise, new functional annotation that resulted from the jamboree will soon be included in TubercuList where appropriate.
Beyond contributing to the annotation of new genes, described above, proteomics data is a powerful tool that can be used to validate and correct existing annotation. For example rv0157A will no longer be described as a pseudogene since peptides from its protein product have been 
Pathogen Portal and PATRIC
a. Introduction
The 38, 40 . Here, we provide an update on the specific data, tools and services that PATRIC provides for the analysis of bacterial gene expression, which have been released after the Gillespie et al.
(2011) publication. Mycobacterium spp. The resulting data can also be used to discover new genes and alternative start transcription sites, for example. The pipeline records provenance information, including the tools and parameters used to process the data, supports batch analysis for multiple samples, and provides secure results sharing and publishing. The RNA-Seq Pipeline is available at http://rnaseq.pathogenportal.org and is free to use. PATRIC also allows researchers to upload unpublished gene expression data into their free private workspace to explore them with various analysis and visualization tools (further described below) and to compare them with the public data-sets at PATRIC. Pre-processed gene expression data generated by using either microarray or high-throughput sequencing technologies can be uploaded to PATRIC as excel or tab-delimited files in the form of a gene list or a gene matrix. An additional file containing sample metadata is also provided to aid in the data analysis. These file formats are further described at http://enews.patricbrc.org/faqs/transcriptomics-data-faqs/. Transcriptomics data generated using high-throughput sequencing technologies can be first processed using the RNA-Seq analysis pipeline available at Pathogen Portal and then be imported to the PATRIC workspace for further analysis (Figure 1) . Some of the expression data-related tools and functionality available on the PATRIC website are described below.
3.b. RNA-Seq analysis pipeline at Pathogen Portal
3.c. Expression data at PATRIC
3.c.1 Experiment and sample list
For any taxonomy level or genome, all publicly available data-sets are displayed as experiment and sample lists. Metadata-based searching and progressive filtering allows researchers to quickly find data-sets of their interests. For each of the samples, numbers of differentially expressed genes identified to be significant (|log ratio ≥ 1 or |Z-score| ≥ 2) are summarized and linked to the corresponding gene list. Multiple data-sets can be selected for further analysis across multiple experiments and/or can be saved as a group for repeated or future use.
3.c.2 Gene list based on expression data
PATRIC researchers can create a gene list based on the expression data-sets of their interest, which displays all the genes reported in the selected data-sets, their functions, and summarizes their expression levels. Gene lists can be dynamically filtered to find the most differentially expressed genes by applying different log ratio and/or Z-score thresholds. Lists can also be with all other genes annotated in a pathway.
3.c.3 Heatmap visualization and clustering
A complementary visualization to the gene list is the 2-D visualization or "heatmap tool" that shows expression levels of all the genes in a gene list across all selected samples. Genes displayed in the heatmap can be filtered and researchers can switch between the gene list and the heatmap view at any point. Genes in the heatmap can be sorted based on their genomic locations to visually detect genomic regions that are similarly or differently expressed across multiple samples. Genes and samples can also be sorted by applying hierarchical clustering, which allows researchers to quickly identify group of genes that are similarly expressed across multiple samples. Any area of the heatmap can be selected to download corresponding expression data or to save the genes as a group.
3.c.4 Sample metadata analysis
For a given gene, top samples in which the gene expression passes the specified threshold are listed along with their metadata, such as sample strain, genetic modification, and experimental conditions. Visual summary of the metadata allows researchers to find top experimental conditions and gene manipulations that a gene responds to and confirm or infer potential function of the gene.
3.c.5 Genes with correlated expression
For a gene of interest, lists of genes with the most highly correlated expression profiles (positively or negatively) across all publicly available data-ses are displayed along with their function. This allows researchers to identify potentially co-regulated genes or genes that perform similar functions and, often, generate hypothesis about potential function of a hypothetical gene.
Conclusions
Access to high quality genome annotation and analysis tools is essential for a modern research community, and we are well served in this regard by the TubercuList and PATRIC resources outlined above. Just some of the information and tools that are available in TubercuList and PATRIC have been presented here, highlighting the increasing sophistication of resources that are available to users. To further tailor these resources to the needs of the community we look forward to getting feedback for TubercuList (email: tuberculist@epfl.ch) and PATRIC (email:
patric@vbi.vt.edu). 
